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Abs t r ac t

A two-clirner[sional  tinm-dcpmldent  two-fluid hycl] odyl]arnic lilodel has bcmI used to st udy

rlulllerically  the effect of illtmstellar neutrals or] t}lc sim arid structure of the helios~)here. ‘1’hc

irlterstellar  neutrals, coupled to the plasltla  by char~,e-(:xc]la]  lge collisions, lead to a draruatic decrease

in the size of the heliosphere  - 3070 for the pararl]eters  studied. \\re fiJId that a build UI) of neutral

hyclrogon in front of the leading edge of the heliosphere,  seerl in earlier models, occurs only when the

flow in the interstellar medium is supersonic. Whel]  the flc)w is subsor~ic, no such hydrogen “wall”

is seen itl the simulations, suggesting that the clist,ribution of scattmed solar 11 I,y a light may be

quite different for this case. We “have also calculated the propagation] of arl interplarletary  shock to

tile hcliopause  as a possible trigger for the 1992 Voya~er  2-3 k}Iz, radio eruissioll event. If’e find that

t,tlc interstellar plasma density, observed enlissio~l cut-off frequency, a?ld hcdiopause locatiori  can all be

made consistent once the effect of the reduction in the size of the heliosphere  by the interaction with

the nmrtrals  is included.



~’]lc (ff(!ds of the illtC[ste]lar  llNLtla]s ~11 th(! siZ~ ~Ild stl”UCtUIC  C)f thC g]oba] hCliosl)hCL’C haS bCICIL

I1lodclcd by several  groups  (l\a]-arJOV arlcf lvIala~na, 1993 ar]d refcrerlces ttLereill; l’arrls  et al., 1995 allcl

these  }]rocccdil~gs).  Usirlg a two-dimcr]sional  steady-state r[lodcl, l{ararlov arl(f kfaliuna  (1993, hereafter

I)&M) S}1OWCX1  that, neutrals, coupled to the l]last[l~L by ctmrgc-excharlgc  collisiorls,  led to a sigrlificarlt

dccreasc  in the size of the hclios~lllerc,  c.,g., the hclio~)ausc  rnovcd  irl fro~ll 250 AU to about 170 AU

wllCrl a ?Ieut[a] d e n s i t y  ?LN  ~: (),14  CT)l-”3  Was  ass[lrrl(!(]. ‘J’l]e  ]rlodel used by Jl&NJI  treats tllc plaslIla  as a

fluid arid the neutrals as particles wit}) source terrlls couplirlg t}lc ~)lasrrla and neutrals. A Mo~lte Carlo

tt!chliiquc was used to colupute  the IJCUtI’d atorrl trajectories. A steady state solution was achicvcd  by

iterat, i]lg bctwccr]  tllc ki~lctic neutral arid }]ydrody[lalrlic  lJas]lla calculatiorls.

~~c llavc dcvc]o~)cd  a two-dirneusiotlal  tinlc-dc~)crltlellt hydrodyllar[lic  Iilodel w}lich treats bot~l the

rlclltral  a~Ld p]asrna  co]lL~)oticut,s as fluids, allouril~g us to study dy~mrllic  l~rot)]cllls  SUC]]  as illtcrplarIctary

shock l)rol)agatiolL to the hc]iopause.  Since t}Jc llmrtra] rllcall-fl  ee path CYln be ccrrnparablc to the lc]+?,t}l

scales irl this probleln,  the accuracy of a fluid tr-eatrrlmlt  of rlcutrals  Ca!l  be qucstio~ied. IIo\\’ever,

itcratitlg tmtweell a Monte Carlo  neutral coruprrtatiorl  arlcl a fluid plaslna  com~)utatioll  at every time

stc~) of a time-de~)cndent code would be too costly.

tJsiug our two-fluid rleLltral-plasll)a rnodcl  with tllc para~]lcters  irl I\&M, we rccovcr  their- results

for a “two shock” heliospllcre,  that is, a heliosphere  wit}l a bow shock u~)strcarrl of t}le leading edge of

the }Ieliopause  created by the supcrsoriic  interstellar flow. As sceIl by lI&M, the size of the helios~herc

dccxcascs dratnatically and wc observe a bui]cl up of Il(!LlhdS at the leadiug  edge or “~lose” of tllc

heliospherc  bctwccn  the bow shock arid tl]e }lcliopausc,  At prescmt, it llot kllowlI wl~cther  or riot the

hclios~)herc  has a bow shock. SirIce the r[,a.g,,ctic field ir[ tllc very local interstellar rnediuru (VI,IShf)

cal~llot be rneasurcd,  it is Ilot kr]own whcthcx the flow is al)ovc or Mow the fast magrletosonic  spewcl.

WhcIl wc usc paralnetcrs such that the VI,ISM flow is subsonic, a case riot studied by }]&M, we find

that no SUC1)  abrupt increase in neutral hydrogen  forrrls  at t}lc lcaclirlg cd,ge or ~]ose of the heliosphcre

w~lic}l may have it[i~dications  for the distribution of scattered SCJ]aI’  11 I,ylnan  a radiation. A sinlilar

dccreasc  irl the size of the heliosphcre  is observed irl this “one shock” case.

This two-fluid plasrna-~]eutral  model has also been used to study the propagation of an

il~terl]lanetary  shock to the heliopause  which has trccn suggested as a possible trigger for the 2-3 kIIz

mllissions dctectcd  try the Voyager spacecraft in 1992 (GLm~let t et al., 1993). ‘1’hc propagation of an

interplarLctary  shock to the heliopausc  has bec~l rnodelcd J)reviously by Steirlolfsml amd Gurnet t (1995)
‘.

usitg a two-dimensional tl~ne-depcrldcrlt  hydrodynatnic  n lodel, WC have ext,endcd these calculatio~m
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hy usitlg a nlodcl  which also includes t}m Ch~L[gC-CXC}18?lgC  i~]Leractio[l between tile JI]:KII1:I 2L11(1  tjhc

ill[($l’Stdk’  IICUtI’a]  hydrO&Il aIK]  fiIld t]lat th(! iIlt(!ISt(]lal’ @aSIlla  d(VISjtJ’,  ok!lVd ~IUjsSjo[l  CUt-off’

frcquerlcy and hcliopause  location can all tw Inade consistmlt  Once ttlc effect of the rcductioll  in tile

si7,c of the heliosphere  by ttw interaction with the rmut rals is it)cluded. l~y assurui~lg a \TI,l S!vI Ilcutral

- s tile ]1~ s}lock pro~)agatjorl tjnlC a?rtws writh the titnc! Soggmted by t]lt! OhSeXVatiOIFdensity of 0.14 cm ,

(about 400 days) when the VHSM  has a density of OIIIY ?q, = 0.04 C7/t- ?’, corres~)onding  to a 1.8 k}I~

cutoff frequcnlcy, which is the lowest frequel Lcy SCICI]  i!L the l’oyager emission spectra.

Numcwical  Mocld

q’hc model used in this work is a tirne-ctepmldcrlt  two-dinlclLsiorlal  ttro-fluid  hydrodynamic r~Lodel.

~’}lis is similar to the hydrodynamic model used plevious]y  by Kar~llesi~l et al. (1995) to study  the

motiorl  of tlLe terrnirlation  shock irl resrjorlse to solar-cycle variatio~ls  i]) t}le solar  wirld rarl\ ~)ressute.

‘J’he  Ileutral-plasrna  Ctmrge-exchange cou~)ling  terms are take[L frorrl  }Iolzcr  (1972) \vitll the rwsonarlt

c}large-excharrge  cross section used in Il&h’I arid IJaranov  et al. (1991). ‘1’bus, we sol~re the equatiorls

for each s~)ecies [i, j = p (plasma) or N (rmrtrals)]:

b’iti
‘aL”

+ V . ?la~i ‘ S’j->i  – 
Si- )j

(971i’17i -,
‘--31-’-  i-  V  .  ~itilti’i -  

VPi = ~~j-bi  -  ~~i-bj

13(li
~ + V  .Gi (ei + Pi) z Qj-)i - Qi-,j

where Ci = I~i/(T – 1 ) + ~ni~~~~  is the total e~lergy, m is the mass, arid -y == 5/3. ‘lhe  plasma-neutral

coupling terms are

sj_>i z lLilljDcxU*

I~j_}i = ~iilijiij~cru”

Qj+i = ~Li~j~czu*

where  Ocr = (a – b1nu)2 crn 2 with  a == 1.64 x 1 0- 7, and tI = 6.95 x 10 -‘, where u is the

relative velocity between the neutrals and plasma ions in cnl/s; arid where the effective velocity is

u. >. (* (7>+- !lh) + (u -- W)’)’” with 7L a?ld q ‘N equal to the proton arid neutral ter~lperatures

respectively (IJaranov  et al., 1991). l’hese  are the equatiorls  solved for the plas!ua  ancl neutral species

outside the heliopause.  q’he charge-exchange i~)teraction between protons and neutral hydrogen leaves

the total rlurnber of each species unchanged al~d thus,  in ger]eral,  there would be no sources or sinks

iti the corltinuity  equations (Sj->i =- S.+j).  IIowevcr irl our model, as in l’auIs  et al. (1995), the very
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crm-gwtic neutrals which are crcatcd  by charge cxcharlgc i~lskie  tllc llelioJJause  are rlcglectcd,  e.g., tllcy

,are ~lot incorporated  into the neutral fluid illside the heliol)ausc.  ‘1’llcsc “solar lvirld” ellergetic  rlcutrals

for~[l  a ]lCW ~loll-tilerlnal population) of Ilcutrals  irlside tile lw]iopause  witli a lnuc]l lor]p;er Irlearl-free

~)at}l. l’llcrefore,  rlrglecting  these energetic rleutrals,  tilt: S1,. ,N, Ill,. ,h arid QI,- ,N terrlls  arc set to

zero in the equations for the neutrals only inside t}le }Ielioj]ausc.  arid the rlcutral  fluid 10SCS  particles,

Illorlm]ltunl  arid energy to the solar wirid plasma. ‘1’he }lc]iopause  is easily located durirlg tile sir[nllatiolls

l)y ~rlorlitoring tlic plaslna  specific interlla]  energy i = kJ~2’/(-y  --1 ) + ?/LV2/2  which c}mrkges by I[lore

I,llarl a factm of 100 across the heliopause.

Effects of Neutrals on tile Size and  Structure of the IIelios])hme

III this section results are presented from four sirllulatiorls  illrrstratirlg  tllc efFccts of the neutral-

lJlasrlla c h a r g e - e x c ] l a r l g c  cou~)ling on the si~,e of t}lc }Ieliosi)llcxw ar)d or] tlte Xlmltral distritrutior)

itself.

Sinm]rrtion  ]hxu]ts  for a ~wc) Shock ~]e]ios])hmx:

Simulation results from a case wit}lout ~leutrals  (Case  1, dashed line) and a case with neutrals

(Case  2, solid lirie), with other parameters the same, arc  corllpared  irl I;ig. 1. I’lotted are derlsity  and

velocity profiles aloxlg a line from the irumr grid bourldaly  through the nose of the he]iospherc,  e.g.,

along  the rrpstrear[l  symmetry axis of our 21) ,gI-id (0 = 0). ‘1’he  paranlcters for Case 1 are those used

by ll&h4. For the solar wiud plasma at 1 AU, np = 7 a/L- 3, vu,.,  =. 450 krrt/s,  arid l; z 1.5 x 105

K; for the VI,lShl  plasma, 7JP == 0.07 rml--3,  vuli,g,l, = 2.5 knt/s and 2’; z=- 104 K. Case 2 has the san~e

~)ara[neters except  there is a]so a [leutral  co[n~)o[lerlt  ~ith de[lsity  ?LN =: (). ]4 ~lt-3 which has the sar[l~

velocity arid temperature as the interstellar plasrrla. It earl be seer L in l“ig. I tl)at the heliospherc

is drarnatical]y  srnallcr  when the charge-excharlge cou~ding bctwccnl the neutrals and tllc plasn]a  is

irlcludcd.  !t’he termination shock (secrl  as first the abr uljt irlcreasc  iri dcrlsity)  has decreased to 115

AU in Case 2 from 170 AU in Case 1 and the heliopause  (t}lc sccorld  al,ru~)t increase in dcrlsit,y) has

decreased to 170 AU in Case 2 from 250 AU for Case 1. q’hus for these parameters, the size of the

heliospbcre  has decreased by about 32% due to the plasma-neutral interaction. q’he VI,ISM flow is

su~)crsonic  in these  cases, and both have bow shocks visible irl the top pane] of l’ig. 1 (located at about

400 AU in Case 1 and about 300 AU irl Case 2.)

It car~ be seen in the rniddlc  panel of I~ig. 1 that the ldasrna-neutral int,eractiorl  in Case 2 has

caused the solar wind velocity to drop fcorn 450 kin/s to shout 3$5 km/s itlsidc tile tcrrnirlatioll  shock.
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‘1’he distance to the tcr]nillatioll  shock is clctcl[[Lit Lcd I)y a l~alal]cc of solar willcl and V1,lSIV1  ~NTssurw
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A dccreasc  froth 450 to 385 km/s would cause a 14% (Iccrcase irl tlm distance  to the tcrlilillatiorl  shock

versus the 32% decrease observed. ‘1’he  somcwllat  la[ gcr cfrcct  is, surj~r-isingly,  tile i~lcrcase ill tllc

VIjlShl  plasl]la  laHl pressure in front  of the hcliopausc  due to tlw accelcratioxl of t}]c plasnla  by tile

~lcutrals which arc not  directly slowed a~ld diverted arourld the lleliosl~hete  at tlw XLosc. ‘1’llis has been

verifkd  by coII~~mt,ing  the total VI.,lSM pressure }’~Of,V/~S,,,  along tile u~)strcalil sJ’lIl[ll(!trJ’ axis. ]f there

were Ilo coul]lilg  to the Xwutrals, ]\OL,U~i$T1l would  h! colkstat~t  fr’olIl the outer boundary to t}Lc rlose. lri

Case 2, }lowcver, we observe that PLOt,Uli.,,,  rises by 60% tx’twcxvi tlw t}lc illjcctiolL boundary a~id the

xlosc. ‘J’tLesc  two neutral-plasll}a  interaction effects, Llle deccleratiorl  of the solar wi]ld plas~tia arid the

aCCI’]CIZLti  OIl of t]le VIJSM  plasnla,  account  for the otmrvcd 32% dcc~case  ill t}le sim of the helios~)llerc.

TIIc loss of neutral rllonmnturn to the VIJISlvl  p]asl[la corlLporlcrit as the flow apl)loaclLes  tlm ILOSC

leads to a pile up of neutrals ill tllc regiorl  tmtwecll t]lc bow s}tock arid t}le lleliolJause }vilicll earl be sewn

irL t}m bottom par]c]  of F’ig.  ]. This pile up, obserw-x] ill tl]e r[Lodelirlg  rmul~s  ill I\&hJ and ljaranov et

al. (1991), was descriptively terlned  a hydrogen “wall” in }Iall et al. (1993). Corllparison  with the Case

2 dcrLsity ~mofilc in the top  pard shows that the neutrals abruptly i]lc~ease in dcrlsity  by a factor of 2

just past the bow shock where the plasrrLa flow has hell decreased by the shock. Such a ~]ilc-ul) would

affect the distribution of scattered I,y a light (lJarar~ov  et al., ]991 ) and ]cad to an  asYrIlrnetrY  irl tl]e

upwind and downwind directions as observed by spacecraft (hall et al., 1993).

Simulation ILCSUILS  for a One Shock Heliosj)herc

lbr Cases 1 and 2, the Mach number  of the irltel stellar flow was Iv1= 2.2 ar,d bow shocks fortnecf

upstream of the leading edge of the

nigher VI,lSM  temperature for both

the VI.ISM flow subsonic (M= O.96).

of a VI,ISM field of about 0.3 n’1’ in

other parameters are  as in Case 2.

hcliopause  irl the silImlations.  IVe )lave also rurl a case with a

the neutrals and the plasma (f~1i~T7L == 5 x 104 K, Case  3), Inakirlg

lhe factor of 5 itlcleasc  in terllpcxature  is used to mimic the effect

rnak~ng  the maglIetosollic  speed faster tharl the VI,ISM  flow. All

lr~ this subsonic VI,ISM  flow case, the bow shock disappears as shovn)  by the density profile irl

the second panel of Fig, 2 (Case 3, solid line). l’he  lack of a bow shock has a clrarnatic  effect on the

distribution of neutrals ahead of the nose. In Case 3, rlo abrupt “hydrogen wall” is ~)rescnt.  l’hc  neutral

proflc (top pane], F’ig. 2) shows a gradual rise in neutral dcllsity  from ().14 to ().1/3 crr~--3  as o[)posed to

the abrupt illcreasc  to 0.3 cm-3 seen iri Case 2 (bottom panel,  F’ig. 1). ‘1’he  diffcre~lce irl the neutral
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~iistriimtioll  at t}lc nose for Imliosplle.rm with arid wit}lout a bow slmck cat] be expected to cause a

di[lrwxlcc ill tl~c distritrrrtiorl  of scatterrxl  solar I,y a liglit.  h’otc that there is still a substa~]tial g~adicrlt

i!l ttw llr!utr’a] dc~lsity acl”oss t}lc! hr2]iOShCath; this would alSO k!ad to art ul)W’irlCi/Ciowllwilld  asyllllnetry

irl tllc distribution of IIy m rariiatioll  as obsmved (lfal~ CL al,, 1993).

Also showIl ill the sexo~lci parm]  of F’ig.  2 is tlkc density profile for a case with tlw parameters of

Case 3 hut with no neutrals (Case 4, ctashe(i li]le). ‘J’he hclioJ)ausc for Case 4, locatrxi at about 205 AU,

is closer than in Case  1 because of the il]crease irl t}le VI lSM trmpcraturc by a factor of 5. 111 Case 3,

t}lc }mliopause  is at atrout  140 AU, for about, a 30% cicxxcase ill the sim relative to Case 4. lIere,  the

tllc cio[llirlatlt cflect  irl reciucirlg  the sim of the heliosl)hrw  is tlw irlcreasc in .l\~~,~~is,,* at tile rlosc  of t}ic

l]clios~)hcre resultirlg  fror[l  tile acceleration of the ixLol stellar ]Jlaslna t)y the rmtrals as rtiscusse(i  ahove.

‘Illc rise ir) l\Of,V~~.,,L in Case 3 betwwelL ttw u~~streanl  sii~lulatioll  bou~ldary and the hcliopause  accounts

fol about a 23~0 reductiorl  irl t}lc size. Dy corll]]at-iso~l,  ttw ciccieasc il~ tile solar winci velocity irlsidc tl]c

terrnil]atiol)  shock, froln 450 to about 400 k[n/s, would  by itself  cause only about a 10% ciecreasc.

Effects  of Neutrals on Interplanetary Shock I’ropagation  Time

IT1 1992, an extended 2-3 kIIz radio cr[lission cvcn,t was obscrvcxi at both Voyager 1 and 2

spacccraf~ (G Llrrlctt  et al., 1993). ‘1’hese were silnilru to cr[Lission  eVf211tS rc~)orte(i earlier; ttle cx[~issiox~

is presurnatrly  generated at jP or 2fp by elcctrorls  at t}]e shock fror]t (Krrrr?r et a]., 1984). Gurllett

ct al. lJroposrxi that these evcrlts resulted froxn the intcractiorl  of large irlterplalLetary  shocks (or a

nmge(i  ir]tcraction  region) with the heliopausc;  the shock was thoug}it to be generated by the period

of ir]tcmsc solar activity irl late hfay arid early June 1991. If these solar events were the cause, thcrl

the tral]sit time of the shock frorrl  the SUI] to the helio]]ause was about 408 days. Steirmlfisorr arid

Grrr~mtt (1995, hereafter S&G) modeled the propagatiorl  of all itltel-platmtary  shock to tlm hclioj)ausc

usi~]g a ti]]]e-dcpcncic[]t  two-ditnermional  fluid ]nodel. Tl]cy found that they could I[iatch the 408 day

tratlsit titnc using a shock with a speed of 400 krrl/s  relative to the solar wirLd and with solar wind

paratnctcm at Earth of nP = 5 cm” 3, VU$U, == 400 km/s arid q;, z 2 x 105 K and VI,ISM parameters

of ILl, == 0.09 crrt-  3, T~, = 2 x 104 K an(i Vuli,,,,  == 25 kn~/s.  I’he  high interstellar density was needed

to brirlg the heliopausc  in to 156 AU to matcl]  the 408 day transit time.  llowcver,  S&G rioted that arl

interstellar detlsity  of 0.09 cm-  3 has a cutoff frequency of jp = 2.7 klIz,  well at)ovc the 1,8 k~lz lowest

freqrrrxlcy of the observed spectra. A cutofT frequency of 1.8 kl{z corresponds to an interstellar ~Jasma

dcrmity  of nt, = O.(M  CVk ‘3. If the elnissioll  were generated at the heliopause  arid if t}le observed 1.8

k] 1 z corrwsporlds  to the plasma frequency of the interstellar plasma, tl]cn S&G corlcluded that there



Illust be a magnetic flCld Of abOUt 4 11’I’ tO iucrwasc  tllc V1/ISM l)l~SsUl (! l)~~t,L,[i~,,, suflicielltly  to t)rirl~;

the hcliopause  in to 156 AU.

\Ve have repeated  tile computations of S&:G, t)ut ~]o~v usitlg OU1 hyclrody~lalllic ~IIoclel ~rith ttle

neutral-p]  as~~la i[lteraction  included in the si[]nllatiolls. W’e fuld t}mt by irlcluditlg the plasr[la-rwutral

irltcraction,  the distance to the he]iopause  earl bc ]nade collsiste~lt with tile a~)~)roxirliately  408 day

transit time when the V1,ISM plasma dcrisity has a cutoff frequency corlsisterlt with tile obsmvatiorls

using a reasonable value for the iliterstellar  neutral dcrlsity. 1:0[ this  sirllLllation, Case 5, solar  wind

~)arameters  and VI,ISM temperature arid velocity WC] e as in S&G (givc~l above), except we nave used

a VI,ISM lJlasll~a density of 0.04 CTJL - 3
as required to ~[latcll  tllc 1.8 kIIz cutofl  frequexicy.  ~1’lle neutral

dtvlsity  used in the Case 5 calculatiorl  was ?Lh, = 0.14 Cr/L- 3 whic}i is witllitl t}lc range givcll by Jkiscll

(1994). F’igure  3 shows the co~kour plots for the I~lasr,~a arid ~,eutral der,sities  for t}lis case. ‘1’l,c VI(1SM

flow is supersonic; tlw cicllsity contour plot S}1OW’S  a I)ow s}lock arid the neutral corltour plot shows

the “hydrogen wall” as ex~)cctcd.  }~igure 4 SI1OWS the dmlsit,y 1)1-ofile at scve[al tirlles as tile shock

propagates to the hcliopause. l’he s h o c k  IIiovcs ra])idly u~) to ttlc tcrrnillatioll  shock (E 8[)0 k7n/s),

but slows dramatically in the helioshcath.  Note florrj  F’i,g. 4 t}lat the \TI,IShI clcrlsity  at the IIOSC is

about 0.1 cm- ‘{ corresponding to a plasma frequc]lcy  of 2.8 kII~, wlliclL is comparable to the lLighest

frequencies observed in this elnissiorl  evcmt.

l’hus  we conclude that, when the reduction ill lleliosphcre  size due to neutral-irlteraction is

included, the shock transit time aud upper and 10WW erllission frcqucrLcies  can be made corlsistent  with

the observations, supporting the hypothesis in GUII)CLL et al. (1 993).

Discussion

Hydrodynamic simulation results were presented illustratirlg t}le effects of irlterstcllar  neutrals on

the size of the heliosphere  aud the distribution of xlcutra]s at the hcliosphere  Louudarics.  ‘1’he  neutrals

inter-act with the interstellar aud solar wind plaslllas  via charge-excharge  collisions. IIeliosl)lleres  with

and without an external bow shock, corresl)or  Ldin.g to supersorlic  and subsonic V1,ISM plasma flow

respectively, were modeled. F’or  supersonic V1,l SM flow, a lar-gc pile up of neLltrals was secrl irl the

region between the bow shock and heliopause  irl t}ie simulations. hTo such  “hydrogeI1  wall” was seen

in the subsonic VI,ISh4 case. Ilotll  cases show a gradialt  irl neutral density across the heliosheath.

‘1’he  difference in the neutral distribution aud dcr]sit,y  at the nose for heliosphcre  with  and without

a bow shock can be expected to cause different distributions of scattered solar I,y a lig}it.  ~’hus

IIILJV observations from spacecraft such as Voyager and 1 ‘ionccr (see IIall  et al., 1993) nlay  be able to
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dctcrI1lillo  wlwtl)cr  or not the hclios~here  has a bow shock. ‘J’llis,  ill turr], may give some irldicatiorl

of the strm@}l  of the V1,ISM Inafyletic  field whic]l ca~lllot  bc ]Ileasured if estirlmtm  of t}lc interstellar

~)]aSrIla a~ld neutral densities car] be further refirled.

Sinlulatioll  results were also presented for lnodcli~l~, the pro~)agatior]  of a large  iliterplarmtary

shock as a ]mssihlc trigger for the Voyager 2-3 kIIz elllissio~l  events (Gur~lett  et al,, 1993). Previous

hydrody~larnic  I[lodeliug  efforts by Steirlolf~on  artd Gur~mtt (1995) had not be ahlc to recorlcile the

size of the hclios~hcre  (as detcrrllincd  from the sl!ock tratlsit ti[[~o)  wit,h  atl irLterstcllar density of

1~1)
= ().f),l  (-~,  f,- 3 (inferred from the 1.8 kllz elnissiorl  cutoff frecluency). \Ye are al)le to recorlci]e  tlmsc

t)y including  the reduction itl the size of tile heliospllel-e due to the ctlarge-cxc.tiarlp;e coulJillg  with t}lc

interstell:Lr ~leutrals. ‘1’he  Vl,lShO Ileutral  density Tleedcd Jvas 7LN = 0.14 cm-” 3, within the Currently

rxce~)ted  rarlgc (Flrisch,  1994). ‘J’bus, t}lese results SUI)I)OIM  tile llypottlesis  of Gnr~Jctt et al., t]ut

uflcertairlt,ies  al}d ullrw~dailled featurxx, such as the risirlg  t<nles of the etnissioxisj still re[[Lair L.
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]“igurc 1. Silll[llatiol~ rcs[lltsfor Case 1 (dasllcdlill[) witliout  Imutrals  and Case2 (solid lilm) w i t h

rlcutrals  sllowirlg  the reduction in the size of the hcliosphcre  due to plasma-  ~mutral charge!-cxcllangc

i~ltcractio~ls.  l’refilm are along an upstrealn line t]lrougll  tile nose of the heliosphere  (0 =: O). “J’he

to~) arid middle panels compare the density aud velocity lJt-ofiles res~)cctivcly.  Tile  VLISM flow is

suIvmoIlic;  ~lote the l)rcscrlce  of a bow shock ill both cases, ‘1’hc bottom pa!lcl is the neutral profile for

Case 2 s]mwi[lg t]lc build up of hydrogen at the leadir]g edge of tile }Ielioj)ausc.

Figure  2. Si~llulatiml  results for Case 3 (solid lirlc)  with neutrals al~d Case 4 (dashed line) without

~leutrals fcn subsonic VLISM flow. ‘J’hc to])  ~)anc] shows tllc Ilcutlal  profile for Case 3 and the bottom

~m~ml co[nl)arcs the density profiles. No bow shock is scml. A similar rcductio~l itl t}le size of the

llclios~,lmre is sccrl for this  subsonic case as for Lltc suIwI ;Torlic l’Jjl  SNI case irl }~ig. 1. IIowwver,  rlo build

UIJ of ~leutral llydrogcnl is scexl at tllc leadirlg cdE;c of tllc llelio~)ausc.

Figure  3. CO1ltOllr  l>lOtSOf  tile I)laS1lla (toI))  and Ilmltral  (bottoln)  dcxlsitic!s for tllce(l~lilibri[llllof

Case 5. All interplanetary shock ofspecd 400k[1i/s  relative to the solar wind was launc}lecl into this

cxluilibriul[~  at the inner boundary. l’hc  VI,lSM plasma density is TLP = 0.04 cm””3 consistent with the

1.8 kIIp lowest frequency of the Voyager ernissio~l  evc]lts. A  ~leutral dcrlsity  of ?Lp+’ = ().14 CTJ~-3 has

hroug]lt  the heliol)ause  irl to about 150 AU. Note the “l,ycll-ogen wall” in the neutral de~lsity colltour

plot wllicll for]ns  between the bow shock arid the heliopausc.

Figure 4. Case  5 plasma dcxlsity profiles at three ti[nes  along tile O = O litm stlowitlg tlie pro~)agatiolL

of the interldanetary shock (the density bulge) to the hcliol)ause. ‘i’he propagation time was about

40( I days, co~mistel)t with the time  estimate ill ~UrllC(t et al (] 993) for t]le II’ shock which may have

triggered the Voyager 2-3 k~iz ernissior]  everlt. g’}]c  highest plasnla  de~lsity, at the stagnatioll poitit  of

the VI,lSM  flow, is TtP w 0.1 cm-3 corrcspo~ldil).g  to fP u 3 lcll.z, about the highest frequency secm in

tllc cl[lission event.
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